Roles and regulations of Hippo signaling during preimplantation mouse development.
During preimplantation development, mouse embryos form two types of cells, the trophoectoderm (TE) and inner cell mass (ICM), by the early blastocyst stage. This process does not require maternal factors localized in the zygotes, and embryos self-organize at the blastocyst stage through intercellular communications. In terms of the mechanisms of cell fate specification, three historical models have been proposed: the positional model, and the original and newer versions of the polarity model. Recent studies have revealed that the intercellular Hippo signaling pathway plays a central role in the specification of the first cell fates. Hippo signaling is active in the inner cells but inactive in the outer cells. The Hippo-active inner and Hippo-inactive outer cells take the fates of the ICM and the TE, respectively. At the 32-cell stage, E-cadherin-mediated cell-cell adhesion and cell polarization by the Par-aPKC system activates and inactivates the Hippo pathway, respectively. Both mechanisms involve regulation of angiomotin, and cooperation of these mechanisms establishes cell position-dependent activation of Hippo signaling. At the 16-cell stage, however, asymmetric cell division produces the initial differences in Hippo signaling. At this stage, cell polarity is controlled by both Par-aPKC-dependent and -independent mechanisms. All three historical models are explained by the different regulations and roles of Hippo signaling. Based on these findings, I would like to propose the model by which the differences in Hippo signaling among blastomeres is first produced by asymmetric cell division and then enhanced and stabilized by cell position-dependent mechanisms until their fates are fixed.